enters the data from each set of trials into a spreadsheet. Later they will use the spreadsheet software to make a relative-frequency histogram to represent the results for each experiment. They will also compare results from the two planes using box plots. On the basis of this comparison, the group will make an advertisement to "sell" the plane that goes the farthest. They must defend their results with experimental evidence in a full-class discussion next week. While they are learning about measurement, proportions, percentages, and data representations, students find that this math class is a stimulating and mathematically interesting place to be.
Experiences such as these that involve measuring, recording, analyzing, summarizing, and defending results are possible for students when the curriculum is structured as a coherent continuum of learning that grows from grade to grade. During their primary school years, these students would have had lessons in which measurement was crucial-measurement of static objects around their room and of things that grow, such as plants and themselves. They are comfortable contributing suggestions for methods of representation and communication of information. Principles and Standards for School Mathematics by the National Council of Teachers of Mathematics (NCTM 2000) envisions how to achieve and support such an exciting and mathematically rich school environment. It portrays a future in which all students have access to high-quality mathematics throughout their school years, including four years of math at the high school level.
Developing Standards in Mathematics
Why must school mathematics continue to improve? Primarily because the world is changing. In addition to a strong grasp of the basics, students need to be able to analyze, understand, and use data. In this sense, school mathematics is still not working for enough students. For example, National Assessment of Educational Progress (NAEP) scores continue to show that although many students can solve basic computational problems, fewer can solve more complex, multistep problems. On an international level, American students are not competitive. The recently released Third International Mathematics and Science Study-Repeat (TIMSS-R; Gonzales et al. 2000) report showed that compared to students in other countries, U.S. eighth-grade math students continue to perform at an average level.
Over the past decade, NCTM has established mathematics standards in the areas of curriculum, teaching, and assessment. Curriculum and Evaluation Standards for School Mathematics (NCTM 1989) 
Process and Content Standards
Although Curriculum and Evaluation Standards was grounded in research about the teaching and learning of mathematics, Principles and Standards makes these references more explicit and plentiful. There are also some important structural differences. Principles and Standards addresses the areas of curriculum, teaching, and assessment just as the previous documents did, but it relates to classroom practice in a single publication. Although it speaks to multiple audiences, teachers and students and the interactions among them are the focus of the document. Principles and Standards is divided into four grade bands (PreK-grade 2, and grades 3-5, 6-8, and 9-12) instead of the three found in Curriculum and Evaluation Standards, and the prekindergarten level is now addressed. In Curriculum and Evaluation Standards, each grade band shared a common set of four process standards (problem solving, reasoning, communication, and connections) but the content standards varied from level to level. Principles and Standards continues the emphasis on the earlier process standards, adding a representation standard and explicitly including proof in the modified reasoning and proof standard. In addition, five common content standards (number and operations, algebra, geometry, measurement, and data analysis and probability) span all grade bands. The content standards address the overarching mathematical understanding and skills that should be universal from prekindergarten through grade 12 in each of these five content areas. Thus, there are ten common standards (five process standards and five content standards), and the primary learning goals within each standard are the same for all grade bands. These goals are as follows (NCTM 2000, 32-67) :
Number and operations. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Understand numbers, ways of representing numbers, relationships among numbers, and number systems
• Understand meanings of operations and how they relate to one another unauthorized distribution.
• Compute fluently and make reasonable estimates.
Algebra. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Understand patterns, relations, and functions
• Represent and analyze mathematical situations and structures using algebraic symbols
• Use mathematical models to represent and understand quantitative relationships
• Analyze change in various contexts.
Geometry. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Analyze characteristics and properties of two-and three-dimensional geometric shapes and develop mathematical arguments about geometric relationships
• Specify locations and describe spatial relationships using coordinate geometry and other representational systems
• Apply transformations and use symmetry to analyze mathematical situations
• Use visualization, spatial reasoning, and geometric modeling to solve problems.
Measurement.
Instructional programs from prekindergarten through grade 12 should enable all students to:
• Understand measurable attributes of objects and the units, systems, and processes of measurement
• Apply appropriate techniques, tools, and formulas to determine measurements.
Data analysis and probability. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Formulate questions that can be addressed with data and collect, organize, and display relevant data to answer them
• Select and use appropriate statistical methods to analyze data
• Develop and evaluate inferences and predictions that are based on data
• Understand and apply basic concepts of probability.
unauthorized distribution.
Problem solving. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Build new mathematical knowledge through problem solving
• Solve problems that arise in mathematics and in other contexts
• Apply and adapt a variety of appropriate strategies to solve problems
• Monitor and reflect on the process of mathematical problem solving.
Reasoning and proof. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Recognize reasoning and proof as fundamental aspects of mathematics
• Make and investigate mathematical conjectures
• Develop and evaluate mathematical arguments and proofs
• Select and use various types of reasoning and methods of proof.
Communication. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Organize and consolidate their mathematical thinking through communication
• Communicate their mathematical thinking coherently and clearly to peers, teachers, and others
• Analyze and evaluate the mathematical thinking and strategies of others
• Use the language of mathematics to express mathematical ideas precisely.
Connections. Instructional programs from prekindergarten through grade 12
should enable all students to:
• Recognize and use connections among mathematical ideas
• Understand how mathematical ideas interconnect and build on one another to produce a coherent whole
• Recognize and apply mathematics in contexts outside of mathematics.
Representation. Instructional programs from prekindergarten through grade 12 should enable all students to:
• Create and use representations to organize, record, and communicate mathematical ideas
• Select, apply, and translate among mathematical representations to solve problems unauthorized distribution.
• Use representations to model and interpret physical, social, and mathematical phenomena.
It is important to discuss how these goals differ across the grade bands: Each main goal encompasses expectations that are specific to each grade band. Table 1 illustrates one of the algebra standard goals and the specific expectations for this goal across grade bands. Table 1 also illustrates how concepts and skills develop as students move along a continuum of learning. Principles and Standards explains how each of the standards grows in a coherent way across the school years and supports students as they reach more challenging goals by grade 12. It also emphasizes a strong foundation in algebra and geometry by the end of eighth grade, four years of math for all students at the high school level, and the idea that technology should not replace basic skills but be used as an important tool for enhancing student learning.
Principles of Mathematics
Finally, but perhaps most important, Principles and Standards includes six principles on which all of school mathematics should be grounded (NCTM 2000, 11) . These principles compose the foundation on which significant improvement in mathematics learning can build. They are:
Equity. Excellence in mathematics education requires equity-high expectations and strong support for all students.
Curriculum.
A curriculum is more than a collection of activities; it must be coherent, focused on important mathematics, and well articulated across the grades.
Teaching. Effective mathematics teaching requires understanding what students know and need to learn and then challenging and supporting them to learn it well.
Learning. Students must learn mathematics with understanding, actively building new knowledge from experience and prior knowledge.
Assessment. Assessment should support the learning of important mathematics and furnish useful information to both teachers and students.
Technology. Technology is essential in teaching and learning mathematics; it influences the mathematics that is taught and enhances students' learning.
Administrators should consider these six principles as they engage in decision making that affects school mathematics. For these principles to be achieved, the teaching and learning environment must be structured to encourage and support them. For example, administrators can promote the equity principle by making sure that decisions about grouping students do not unauthorized distribution. 
Expectations.
In PreK-2 all students should:
• sort, classify, and order objects by size, number, and other properties;
• recognize, describe, and extend patterns such as sequences of sounds and shapes or simple numeric patterns and translate from one representation to another;
• analyze how both repeating and growing patterns are generated.
In grades 6-8 all students should:
• represent, analyze, and generate a variety of patterns with tables, graphs, words, and, when possible, symbolic rules;
• relate and compare different forms of representation for a relationship;
• identify functions as linear or nonlinear and contrast their properties from tables, graphs, or equations.
In grades 3-5 all students should:
• describe, extend, and make generalizations about geometric and numeric pat-
terns;
• represent and analyze patterns and functions, using words, tables, and graphs.
In grades 9-12 all students should:
• generalize patterns using explicitly defined and recursively defined functions;
• • interpret representations of functions of two variables.
Grades 6-8 Grades 9-12
exclude certain students from a challenging, comprehensive mathematics program. The teaching principle can be fostered by establishing teacher leaders who can mentor other teachers in mathematics. Providing time in the school day for teachers to collaborate and work together can further advance these mathematical communities. The curriculum principle can be endorsed by establishing effective processes for the analysis and selection of instructional materials. To support the assessment principle, administrators can closely examine the effects of high-stakes assessments. Ensuring that curricular materials, technology, and assessments are aligned at all grade levels, in accordance with shared goals for mathematics education such as those represented in Principles and Standards, is also a crucial role for administrators.
Summary
Interested readers are encouraged to peruse and share some of the supporting articles and papers for more background about the ideas that are included in the document. Additional research-based support material may be accessed through the NCTM website (http://www.nctm.org). In addition, E-Standards, which includes the complete Principles and Standards along with additional electronic examples and resources, is available on both a CD-ROM and on the Internet (http://www.standards.nctm.org). NCTM's Illuminations website (http://www.illuminations.nctm.org) helps educators translate Principles and Standards into classroom practice. Only with the support and leadership of school and district administrators will students and teachers experience the mathematics education envisioned by Principles and Standards. Administrators have an opportunity to contribute to the improvement of mathematics instruction at many different levels through implementation of the mathematics principles and standards, policies and structures at their schools, selection of instructional materials, and support of professional development for teachers.
